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vided with a reference structure portion (31 -10a. 31- 
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the horizontal and vertical positioning of the optical 



component (15. 22. 31. 65) and one or more fiber posi- 
tioning portions (33-1) for inserting and hokfing tie opti- 
cal fiber and positioning the optical ffcer at a position 
where the optical fber is optically connected to the opti- 
ca] waveguide; whereby the packaging platform (11. 21. 
33. 61) and an optical module using the platform are 
provided which can simplify aB alignment steps tor opti- 
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Description 

The present invention relates to a packaging platform capable of accurately and easily connecting on© or more opti- 
cal fibers to one or more optical cornponents having functions, such as optical detection, optical signal branching, opti- 
5 caf rnultiplejeng. optical switching and optical modulation; and an optical module comprising one or more optical 
components and such one or more packaging platforms. 

In an optical component using a planar optical waveguide circuit, connection between an optical waveguide and an 
optical fiber requires aJgnment precision of the order of microns. Smpfifyingthis connection is very important in reduc- 
ing the manufacturing cost An optical component which processes fast signals involves a fine electrical wiring, and thus 
10 requires a fan-out structure for electrical connection. An optical device generally needs sealing because of reliability. In 
an optical module having structures for a f her pigtail and an electrical wiring, it is necessary to seal large capacity 
regions above these structures. This has caused problems about packaging capacity and sealing eftect 

Some structures of conventional optical modules are shown below. 

1$ Conventional example 1 

•Self-aligned f Sjp-chip assembly of photonic devices with electrical and optical connections', M. J. Wale, et al.. IEEE 
Trans Comp.. Hybrids. Manufac. Technol.. vol. 13. No. 4 (1990) 

Rg. 1 is a conventional example of a packaging structure which gives optical connection between an optical 
20 waveguide and an optical fiber. This example realizes a structure in which an optical fber 2 is fixed onto a V-shaped 
groove of an Si substrate 3 and connected to an optical waveguide 1a of an optical component 1. The optical waveguide 

1 and the V-grooved substrate 3 are automatically aligned by the surface tension of solder bonds 3-31 . The optical f ber 

2 can thus be accurately positioned by a V-groove 3a Since the positions of the optical fiber 2 and the optical 
waveguide 1 need to be determined accurately, however, packaging becomes laborious. According to this example, 

25 automatic alignment by the solder 3-31 is employed. To make the effect of surface tension during soldering work, op*- 
mization of the reflow conditions is required. 

Conventional example 2 

30 High impedance, high frequency crosstalk characteristics of a photocSode array and subcaroers", Hondo et al., 
1994 Spring Conference of the Institute of Electronics. Information and Communications Engineers of Japan, ret C-297 
Rg. 2 shows a conventional example of packaging an optical component having an electrode. An active optical 
component is frequently used in high speed optical transmission. Thus, electrical wirings, etc. should be integrated. To 
package such a component as a module, a lead for taking out the electrode for connection to the outside should be 

36 formed According to this example, an arrayed 4-channel optical device (priotoolode) 1 -3 is mounted on an optical com- 
ponent 1. From there, electrodes 1 -4 for bonding are extended, and then bonding wires 101 . chip resistors 102, and the 
bonding wires 101 are further provided, followed by lead wires 3-30 of a package (packaging platform) 3. As noted from 
this, packaging of an op*ca) component with integrated parts requires an electrode withdrawal structure and wire bond- 
ing. 

40 

Conventional example 3 

"A study of automatic assembly of a rton-adjustment packaging module". Nakagawa G. et af., 1995 Electronics 
Society Conference lecture papers of the Institute of Electronics, Information and Communications Engineers of Japan, 
45 ref.C-187 

Fig. 3 shows a conventional example of a herrneticaSy sealed optical module. An optical device (laser diode) 1 -3 
forms an optical component 1 attached onto an Si substrate. On a package 3 as a packaging platform, there are 
mounted an electric cable 3-40 for electric signal transmission and an optical f ber 2. The optical fiber 2 is fixed onto tie 
Si substrate by a cover 5. After these steps, a sealing cover 3-50 Is hermetically applied such that the entire optica) corn- 
so ponent 1 is sealed up, thereby providing a structure for a completely hermetic state Such hermetic sealing requires a 
special container, making a packaging volume large. In addition, the use of the electric cable for electric signal trans- 
mission tends to lengthen the transrnission distance. The resulting structure makes it difficult to accommodate a high 
frequency because of electric charactenstcs. As long as such a sealing form is taken, the more complicated the elec- 
trical wirings become, the larger the packaging volume and the worse the deterioration of signals wiH be. 
55 As seen in the above converrtfonal examples, packaging of an optical component required the optical axis align- 
ment of the optical waveguide and the optical ffeer, and the structure for taking out an electrode from a fine electrode. 
Moreover, strict sealing was required, thereby imposing a severe burden on packaging. 

In an optical module using a planar optical waveguide circuit as described above, connection between the optical 
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waveguide and an optical fber has so far required a high accuracy aligning apparatus or an advanced packaging tech- 
nique for performing precision positioning, even when a fber guide structure is used 

Another example is the production erf an opticaJ switch utilizing a thermooptic effect, or an optical module having an 
active portion on an optical waveguide circuit such as a hybrid optical module having an optical semiconductor device 
5 packaged on an opticaJ waveguide substrate. This production has posed the problem of electrical connection as we8 as 
the above-mentioned optical fiber connection. That is, wire boncfing is needed to connect the electrical wiring portion of 
the opticaJ waveguide circuit to another part such as a package. In handling a fast signal by use of the characteristics 
of an opticaJ signal, in particular, a high density electrical wiring is required of the opticaJ module. There are also needs 
to eliminate the routing of the electrical wiring or give a nrticrustructure to an electrical pad or the like. The step of elec- 
1 o tricaJ connection, such as bonding the wiring onto a rrimscule electrode pattern, is also complicated 

The above hybrid optical module has further required sealing of the surroundings of the opticaJ semiconductor 
device, and needed for this purpose the step of mounting a sealing cover. This method has caused problems such as 
an increased volume of the optical module, or an adverse influence on electrical signals due to an increased electrical 
wiring length associated with the increased volume. 
is The conventional way of packaging an optical waveguide circuit module, as described above, has required many 
steps such as an electrical connecting step and a sealing step as well as an optical fber connecting step. Also, precise 
alignment has been required 

An object of the present invention is to provide a packaging platform which can simplify aH packaging steps Includ- 
ing electrical connection and sealing as weU as optical connection in connecting one or more optical cornponents to one 
20 or more optical f bers and can improve the dimensional accuracy of alignment, an optical module comprising the pack- 
aging platforms, and methods for producing the packaging platform and the optical module. 

In one aspect the present invention is directed to a packaging platform for achieving optical coupling between one 
or more optical waveguides of an optical component having the optical waveguides and one or more optical f bers; the 
packaging platform including a reference structure portion for performing the horizontal and vertical positioning of the 
25 optical component, and a fiber positioning portion for inserting and holding the optical fber and positioning the optical 
fber at a position where the optical fber is optically connected to the optical waveguide. 

To perform electrical connection to the opticaJ component when the optical component has an electrode pattern, 
an electrical wiring pattern may be provided at a position opposed to an electrode pad of the electrode pattern of the 
optical component when the optical component is positioned relative to the optical fber. 
so The optical component may have an optical device tor optical connection to the optical waveguide of the opticaJ 
component, and a depressed portion may be present at a position opposed to the optical device when the optical com- 
ponent is positioned relative to the optical fber. 

In the packaging platform, there may be a plurality of the optical cornponents, and the packaging platform may have 
reference structure portions tor performing the horizontal and vertical positioning of these optical cornponents relative 
35 to one another. 

In the packaging platform, the fber positioning portion may be V-shaped or cylindrical in cross section. 
In the fber positioning portion, an insertion/removal structure for making the optical fber insertibJe and removable 
may be formed. 

In the packaging platform, the reference structure portion of the platform and a portion of the optical component 
40 may be provided with fitting shape portions which are fitted to each other to position the optical component relative to 
the platform. The f itting shape portion may have a stepped shape, and the fitting shape portion of the optical component 
may be in such a shape as to be fitted to the stepped shape 

In the packaging platform, at least one groove for escaping an excess adhesive may be formed in a mounting por- 
tion of the platform which the optical component contacts. 
45 The packaging platform may have a cover for holding the optical fber in an arrayed state when fixed to the platform 
after the optical fber is connected to the platform having the optical oornponent mounted thereon. 
In the packaging platform, a polymer optical waveguide circuit may be packaged on the platform. 
The packaging platform may be composed of a synthetic resin composition. Desirably, this synthetic resm compo- 
sition has a mold shrinkage coefficient of not more than 1%, and the shr inkage coefficient is isotropic, or the ratio of its 
so maximum value to its minimum value is not more than 1 .5. The synthetic resin composition may consist essentially of 
a thermosetting resin and may contain an inorganic filler. The thermosetting resin may be an epoxy resin. The inorganic 
filler may be a silica powder. 

The synthetic resin composition may consist essentially of an amorphous polymer and may contain an inorganic 
filler. The inorganic filler may be an inorganic crystalline powder, or an inorganic glass powder, or a mixture of these. 
55 The anxxphous polymer may be poryethersultone, rx>rysuttone> polyetherimide, or a mixture of these. 
The packaging platform may be formed of a ceramic material. 

The packaging platform may be produced using a mold, and moktng with this mold may be injection molding or 
transfer molding. 
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Another packaging platform of the present invention may comprise a packaging platform tor achieving optical coo 
pTmg between one or more optical ftoers and one or more optical waveguides of one or more optical components having 
the optica) waveguide and/or an optica) receiving device and/or an optical emitting device and an electrical circuit for 
controfling the optical device; the packaging platform inducing a reference sfructure portion for performing the horizon* 
5 tal and vertical positioning of the optical, component and a fber positioning portion for inserting and holding the optica) 
fber and positioning the optical fiber at a position where the optical ffcer \& opticaBy connected to the optical waveguide. 

The optica] module of the present invention may comprise an optical component and an optica] f ber packaged on 
the packaging platform of the foregoing configuration. The optical fiber of the optical module may have an optical con- 
nector mounted thereon 

id Another optical module of the present invention may comprise an optical component having an optical waveguide 
and an electrode pattern, and also having a height reference surface provided at a position apart by a predetermined 
height from a co; e portion on the surface of the optica] waveguide, and a horizontal reference structure portion provided 
at a position apart by a predetermined distance from the core portion; and a packaging platform having a height refer* 
ence surface for determining the aJtitudinai position of the opbcaJ component on the platform and a horizontal reference 

75 structure portion for determining ti>e horizontal position of the optical component on the platform, and also having a fiber 
positioning portion tor inserting and holding an optical fber and positioning the optical f ber at a position where the opti- 
cal f ber is optically connected to the optical waveguide of the optical component and an electrical wiring pattern pro- 
vided at a position opposed to one or more electrode pad of the electrode pattern on the optical component: in which 
the horizontal reference structure portions of the optical cornponent and the packaging platform may be aligned with 
i 20 each other, and the height reference surfaces of the optical component arid the packaging platform may be brought into 
contact with each other, whereby the alignment and electrical connection of the electrode pattern and the electrical wir- 
ing pattern may be achieved, and the optical fber inserted into the fber positioning portion and the opticaJ waveguide 
may be aligned simultaneously. 

In the optical module, the optical component may have an optical device to be optically connected to the optical 

25 waveguide of the optical component, and the packaging platform may be further provided with a depressed portion at 
a position opposed to the optical device when the optical component is positioned relative to the optical fber. 

In the optical module, there may be a plurality of the optical components, and the packaging platform may be further 
provided with a reference structure portion for performing the horizontal and vertical positioning of the optical compo- 
nents relative to one another. The horizontal reference structure portion may be a wall surface prepared by etching a 

30 cladding portion of the optical waveguide of the optical component or may be a reshaped protrusion formed in the 
optical component This rib-shaped protrusion may be the optical waveguide shaped Hke a rb of the optical component. 
The height reference surface of the optical component may be an exposed substrate surface formed when the cladding 
portion of the optical waveguide of the optical component has been removed to expose the substrate surface. 

In the optical module, the horizontal reference structure portion of the optical component may be a pair of engage- 
as ment surfaces formed obliquely in the deciding portion of the optical waveguide of the optical component in the longitu- 
dinal direction of the optical waveguide, whie the horizontal reference structure portion of the packaging platform may 
be a pair of engagement surfaces to come into contact with the pair of engagement surfaces of the optical component 
The pair of engagement surfaces of the optical component may be placed at linearly symmetric positions with respect 
to an axis parallel to the optical axis of exit light from the optical waveguide 

40 in the optical module, an insulating sealing resin may be filled into a gap between the optical component and the 
packaging platform By adjusting the size of the gap between the optical cornponent and the packaging platform, pen- 
> etratton of the resin into a specific portion may be inhbrted. 

In the optical module having the depressed portion, sealing of the optical device may be achieved by fitting an insu- 
lating and transparent resin into the depressed portion. 

45 In the optical module, the packaging subefate may be composed of a synthetic resin composition, the mold shrink- 
age coefficient of the synthetic resin composition may be not more than 1%, and tfie shrinkage coefficient may be iso- 
tropic or the ratio of its maximum value to its minimum value may be not more than 1.5. The synthetic resin composition 
may consist essentially of a thermosetting resin and may contain an inorganic f iller. The thermosetting resin may be an 
epoxy resin. The inorganic filer may be a silica powder. 

so In the optical module, the synthetic resin composition may consist essentieiy of an anxxphous polymer and may 
contain an inorganic filler. The inorganic filler may be an inorganic crystalline powder, or an inorganic glass powder, or 
a mixture of these. The amorphous polymer may be pdyethersulfone, polysulfone, polyetherimide, or a mixture of 
these. 

In the optical module, the packaging platform may be formed of a ceramic material. 
55 In the optical module, the fber positioning portion may be V-shaped or cylindrical In cross section. 

In the optical module, an insertx»vYemcval structure for making the optical fber insertible and removable may be 
formed in the fber positioning portion. 

A method for production of an optical module of the above-described conf iguration comprises packaging the optical 
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component on the platform, connecting the optica) ffcer to the optical cornponent. and then sealing an upper part or the 
whole of the platform wrth a resin mold. 

The above and other objects, effects, features and advantages of the present invention will become more apparent 
from the following description of embodiments thereof taken in conjunction with the accompanying drawings. 

5 

Rg. 1 is a side view showing a structure for alignment of an optical waveguide with an optical fiber according to an 
ear fier technology; 

Fig. 2 is a perspective view showing a structure for withdrawal of an electrode in an optical component according 
to an earlier technology; 

10 Fig. 3 is an exploded perspective view showing a hermetically sealed optical module according to an earlier tech- 
nology; 

Figs. 4A and 4B are views for ftustrating the reason why optical axis registration between an optical waveguide and 
an optical fiber can be achieved with high accuracy; 

Fig. 5 is a perspective view showing a first embodiment of the present invention, 
is Rg. 6 is a perspective view showing a second errtxxfiment of the present invention; 
Fig. 7 is a perspective view showing a fourth embodiment of the present invention; 
Pg. 8 is a perspective view showing a f Ith embodiment of the present invention; 
Fig. 9 is a perspective view of an optical modul e related to a sixth embodiment of the present invention; 
Fig. 1 0 is a perspective view of a packaging platform related to the sixth errtxxJiment of the present invention; 
20 Fig. 11 is a perspective view of an optical module related to a seventh emborJrnent of the present BTvenfcon; 

Fig. 12 is a view for fflustrating a eighth embodiment of the present invention, as a perspective view of an optical 
module related to the present invention in which an optical component with laser integrated in an optical waveguide 
is mounted on a packaging platform having an alignment structure, and as a view showing the state of the optical 
component before being placed on the packaging platform so that the surface of the optical component can be 
25 seen; 

Fig, 13 is a perspective view of the same optical module as in Fig. 12, showing the state of the optical component 
placed on the packaging platform, with an optica! fiber being fixed in a pigtad form; 

Fig. 14 is a perspective view of the same optical module as in Fig. 1 3. as a partly sectional view showing a state *i 
which the optical axes of the optical waveguide and the optical liber are registered with each other; 
x Fig. 15 is a perspective view showing the vicinity of an alignment structure portion of the optical module of the 
present invention, showing the state of the optical component before being placed on the packaging platform so 
that the surface of the optical component can be seen; 

Fig. 16 is a plan view showing the same vicinity of the alignment structure portion of the optical module as in Fig. 
15, illustrating alignment in the horizontal direction; 
35 Fig 17isasideviewshcwir^thesaTne 

15 and 16. illustrating alignment in the aJtiturJnal direction; 

Figs. 18A to 18C are views for illustrating the reason why the use of soWer bumps in fixing the optical component 
onto the packaging platform makes it possible to omit a holding step which is otherwise performed until the solder 
is cured; 

40 Fig. 19 is a perspective view of an optical module related to the present invention using a detachable structure for 
the lixing of an optical f toer. shewing tie state of the optical component placed on the packaging platform; 
Fig. 20 is a partly sectional perspective v^w of the came optical module as in Fig 19, showing a state in which the 
optical axes of the optical waveguide and the optical ftoer are registered with each other; 
Fig . 2 1 is a party sectional side view of an optical module of an eighth embodiment of the present invention, shew- 

45 mg an example of seating with resin; 

Fig. 22 is a party sectional side view of the optical module of the ninth errfcodiment of the present invention, show- 
ing an example of a constitution in which the optical module including an optical ftoer is sealed with transparent 
resin; 

Pig. 23 is a partly sectional side view of the optical module of the ninth embociment of the present invention, shew- 
so log a structure tor stopping the flow of the resin. 

Fig. 24 is an exploded perspective view of an optical module of a tenth embodiment of the present invention, as a 

view of the optical module characterized by a structure for Joining the optical modules together; 

Fig. 25 is an exploded perspectrve view of an optical module of a eleventh embodiment of the present invention, 

showing an alignment structure using markers tor afignmenl In the horizontal direction; 
« Fig. 26 is a perspectrve view of a packaging platform as an twelfth embodiment of the present irTvention; 

Figs. 27A and 278 are graphs showing the measurements of tie dimensional error of the packaging platform as 

the twelfth errixxfiment of the present invention; 

Fig. 26A is a perspective view of a packaging platform asa thirteenth embodiment of the present invention; 
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Fig. 28B is a sectional view of the platform illustrated rn Rg. 28A. 

Figs. 29A and 296 are graphs showing the measurements of the dimensional error of the packaging platform as 
the thirteenth embodiment of the present invention; 

Fig. 30A is a perspective view of a packaging platform as a fourteenth embodiment of the present invention; 
5 Fig. 308 is a perspective view of a conical shape in the platform ilustrated in Fig. 30 A. 

Fig. 31 is a perspective view of a packaging platform as a fifteenth ernbocfirnent of the present invention; 

Fig. 32 is a perspective view of a packaging platform as a seventeenth embodiment of the present invention using 

a ceramic as a material; and 

Fig. 33 is a sectional structural view of the essential part of the platform shown in Fig. 29. 

10 

As described earlier, the present invention has aimed at attaining the aforementioned object For this purpose, the 
invention has completed Ngh accuracy alignment concerned with ffoer connection, electrical connection and simpfif ied 
sealing method, simply by installing an optical components on a packaging platform having a guide structure for simpfi- 
fyir^ rxjsitkxttng- 

is As means for attainment, the invention dfccJoses the structure of a packaging platform, and provides the constitu- 
tion of an optical module using this packaging platform. The invention also provides methods for producing the packag- 
ing platform and the optical module. 

According to the packaging platform of the invention, an optical ffoer positioning groove and an electrical wiring pat- 
tern are provided at certain distances from a horizontal reference structure portion and a vertical reference structure 

20 portion on the platform. On an optical component, horizontal and vertical reference structure portions correspond*^ to 
the reference structure portions on the packaging platform are provided, and an optical waveguide and an electrode 
pattern are provided at predetermined distances from these reference structure portions. Thus, an optical functional 
device is placed so as to bring the reference structure portions of the packaging platform into agreement with the refer- 
ence structure portions of the optical component. Simply by so doing, alignment with an optical ffoer, and alignment 

25 between the eiecfrode of the optical component and the electrical wiring on the packaging platform can be realized at 
the same time 

The reference structure portion may have a planar, linear or punctate structure That is, a reference surface, a ref- 
erence Sne or a reference point is used for positioning. The reference surface refers to a flat or curved surface. The ref- 
erence line refers to a ridgeiine portion of a protuberant structure The reference point means an apical portion of a 

30 protuberant structure. In addition to them, the reference line and the reference point may be marks printed in a linear 
and a punctate form, respectively The mark is suitable in performing positioning by optical reading. The punctate refer- 
ence structure portion may be a perforation. The reference line also includes a case in which positioning is earned out 
by a virtual surface formed by a row of ridgeines of a V-shape or corrugated form. The reference point also includes a 
case in which positioning is earned out along a virtual surface formed by an arrangement of pyramidal or conical apices. 

35 The horizontal reference structure portion of the optica! component may be formed of a pair of engagement sur- 
faces which are obliquely processed parts of the optical waveguide d adding portion. The horizontal reference structure 
portion of the packaging platform may be a pair of engagement surfaces conesporxfing to the engagement surfaces 
which make up the horizontal reference structure portion of the optical component. The two oblique engagement sur- 
faces of the optical component may be disposed at linearly symmetrical positions with respect to an axis parallel to the 

*o optical axis of fight leaving the optical waveguide. 

Because of the foregoing constitution, coaxial state between the optica] axes of the optical waveguide and the opti- 
cal ffoer can be achieved accurately by contacting the horizontal reference structure portion (engagement surfaces) of 
the packaging platform and the horizontal reference structure portion {engagement surfaces) of the optical component 
with each other, even If the dimensions of both horizontal reference structure portions deviate slightly from the design 

45 values. The reason will be detailed in Fig. 4. 

In Ftg. 4. the shaded area corresponds to the reference structure portion of an optical component (or a packaging 
platform). First consider a triangle DEF and a triangle ABC formed by extending tie edges of the optical component a 
and the packaging platform ft respectively. At this time, the triangles DEF and ABC are designed as similar triangles by 
setting the angles e and + of both triangles to be the same. When the apex D is headed toward the apex A. the side AB 

so agrees with the side DE, and the side CA agrees with the side FD, automatically. That is, the reference portions of a 
and 0 come into agreement Since the triangles ABC and DEF are similar to each other, the sfraight lines I and r ttfus- 
trated in the drawings also agree Thus, one wi8 see that rf the optical waveguide on p is to be coupled to an optical ffoer 
placed at a position apart from I by d. H suffices to place the optical waveguide on p at a site apart from r by d. Hence, 
even when there are a plurality of alignment sites. It is dear that mere alignment of distances relative to the reference 

55 line is enough. 

Next consider a case In which the reference of either the optical component a or the packaging platform p uni- 
formly falls behind the design value for the convenience of the fabrication procedure. Fig. 4B shows the edges of the 
packaging platform 0 receding by the distance w. The triangle ABC corresponds to a new triangle AB'C. Since the 
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changes in this case are uniform, however, the new triangle keeps the feature of being similar to the triangle DEF. Thus, 
rf the angles e and * remain equal, the position of the reference line I is unchanged, and the optical fber and the optical 
waveguide can be aligned as deserted above As shown in Fig. 4C, the same Is true when the edges of the optical 
component a recede 

s The gap between the optical component and the packaging platform may be filled with an insulating and transpar- 
ent or opaque sealing resin. By so doing, sealing of the optical component that should be sealed can be easily 
achieved. 

The electrical wiring pattern provided on the packaging platform of the present invention is usually used to transmit 
signals to the electrical circuit piece parts mounted on the optical component or drive or modulate the light detecting 

10 and emitting devices. The electrical wiring can be formed by various methods such as a rnokfing method including a 
lead frame structure, or a method of circuit formation by MO when using injection rnokfing. 

The liber positioning portion on the packaging platform of the invention may be cyfindricai in shape. This cylindrical 
structure aBows alignment while inserting an optical fiber, and desirably has a cylinder with a slightly larger diameter 
than the fber diameter. To insert the fber smoothly, the input of the cytindrical structure through which the fiber is 

15 inserted should desirably constitute a tapered guide having a considerably larger diameter than tie fiber diameter. 

The packaging platform of the invention brings more advantages when composed of a synthetic resin composition. 
The synthetic resin composition referred to here may be a thermoplastic resin or thermosetting resin alone or in com- 
bination with a filer. Alternatively, it may be a laminate of a synthetic resin and other material. Anyway, the composition 
may be selected in the light of the environment in which the packaging platform is actually used. Generally, the packag- 

20 ing platform is required to have ttghdtoensionaJ accuracy, environment resistance (resistance to temperature, humkfity 
or the Ifce). and certain mechanical strength. Thus, the packaging platform is required to be minimal in size changing 
during processing, high in heat resistance and humkfity resistance, and high in strength and modulus of elasticity. More 
concretely, it is important to select a material with reduced deformation due to moid shrinkage during processing, and 
having a high heat distortion temperature, a low thermal expansion coefficient high strength and high modulus of etas- 

25 toty For this purpose, it is desirable to use various reinforced plastics and heat resistant engineering plastics in a suit- 
able combination The platform is fabricated, most commonly, by the use of a precision processed mold, but can be 
prepared by precisely machining a plate material. 

The mold shrinkage coefficient of the synthetic resin composition is not more than 1%, and is isotropic or the ratio 
of its maximum value to its minimum value is not more than 1.5. A more concrete embodiment of the synthetic resin 

x composition that realizes the dimensional accuracy required for the packaging platform of the invention is such that 
mold shrinkage during the rnokfing of the synthetic resin composition is as low as possible and its anisotropy is reduced. 
Generally, when a thermosetting resin is used, the values of physical properties related to molding can be made iso- 
tropic. When a thermoplastic resin is used, on the other hand, it is difficult to make the values of physical properties 
related to molding isotropic. However, the use of a resin composition having an anisotropy ratio of the shrinkage ooef- 

35 ficient of not more than 1.5 gives a packaging platform with excellent characteristics. This has been clarified by the 
present invention, ft has also been made clear that a mold shrinkage coefficient of not more than 1% can provide a 
product with little variation in dimensional values. 

A further concrete constitution of the synthetic resin composition may be restricted to that composition consisting 
essentially of a thermosetting resin and containing an inorganic filler. Examples of the thermosetting resin in this con- 

40 stitution are phenolic resin, unsaturated polyester resin, epoxy resin, diaffyt phtbabte resin, silcone resin, and meia- 
mine resin. Examples of the inorganic f iBer are talc. mica, calcium carbonate, clay, alumina, alumina silica. s3ica. zinc 
oxide, carbon, aluminum hydroxide asbestos fber, glass fber, and carbon fber. 

More concretely, epoxy resin may be used as the thermosetting resin. The epoxy resin referred to here is one which 
undergoes minimal size changing during processing, has high thermal resistance and is high in strength and modulus 

4$ of elasticity, Preferred examples of the epoxy resin are epoxy resins comprising epoxy resin precursors of the ctormcal 
formulae 1-1 to 1-29 and curing agents of the cnerrticaltorrnu»ae2-1 to2-6asshownbetow Therattoof the erxay resin 
to the curing agent is preferably such that the ratio of the glycidyt groups in the epoxy resin tothe hydroxy! groups In the 
curing agent is 1 :1 . A publidy taiown material such as an imidazole, an oro^rwphosphine compound, a urea derivative, 
or a phenofic novolak salt may be used as the curing promoter. Desirably, ft is a material capable of improving stability 

so ataterrperaluTetf abort 1W Q C^ 
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The amount of sifica powder added as the inorganic fffler should desirabry be not less than 30% by weight 
Amorphous polymers are also preferred as the synthetic resin composition. Desirable examples of such polymers 
40 are poJyeihersuforte, porysuHdne, poryetrwmkte, and mixtures of these. As the poryetherimide. polyetherimkies of the 
structures indicated in chemical formulae 3-1 to 3-4 shown below can be used. As the poiyethersuNbne, pofyethersul- 
tones of the structures indicated in chemical formulae 4-1 to 4-5 shown below can be used. 

45 
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The optical connector mounted on the optical fiber constituting the optical module is an optical ftoer-packaged 
30 device, such as MT. MU. MPO or SC. which has at the terminal portion of the optical fber a structure capable of optica} 
coupling to a packaging platform. 

According to the optical module having the depressed portion, the optical device placed on the optical component 
is disposed in the depressed portion provided in the packaging platform, simply by putting together the reference struc- 
ture portion of the packaging platform and the reference structure portion of the optical conponen* Thus, a state of a 
35 seeing cover being capped on the optical device can be realized substantially. Thai is. a single simple step can achieve 
afl of fber connection, electrical connection, and seaSng. 

The hortzrjrrtaJ reference str^^ engagement sur- 

faces which are obliquely processed parts of the optical waveguide dadoing portion. The horizontal reference structure 
portion of the packaging platform may be oblique engagement surfaces corresponding to the engagement surfaces of 
40 the optical component. The two oblique engagement surfaces of the optical component may be disposed at linearly 
symmetrical positions with respect to an axis parallel to the optical axis of fight leaving the optica) waveguide. 

The gap between the optical component and the packaging platform excfuoSng the depressed portion may be filled 
with an insulating sealing resin. By so doing, the depressed portion can show the function of hermetically seating the 
optical device. Sealing of the optica} device may be achieved by Ming an insulating and transparent or opaque resin into 
45 the depressed portion This measure enhances the sealing effect 

According to the optical module correspontfing to a plurality of optical components, optica] connection between the 
optical waveguides present in the plurality of optical oornponents can be achieved simply. 

In the optical module of this structure as welt, the horizontal reference structure portion of the optical component 
may be formed of two oblique engagement surfaces wrvch are obliquely processed parts of the optical waveguide clad- 
so ding portion. The horizontal reference structure portion of the packaging platform may be obfique engagement surfaces 
corresponding to the engagement surfaces of the optical component The two oblique engagement surfaces of the opti- 
cal component may be disposed at linearly symmetrical positions with respect to an axis parallel to the optical axis of 
right leaving tie optical waveguide. 

If seating is necessary, toe gap between the optical component and the packaging platform may be filled with an 
55 insulating sealing resin. 

The resin for used in the resin mold used in the method of producing the optical module of the invention is not 
restricted. For instance, a publicly known seeing material for various eiectonic circuits may be used. 

The optical connector mounted on the optical fber constituting an optical module of daim 28 of the invention is an 
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optical f ber -packaged device, such as MT, MU. MPO <x SC, which has at the terminal portion of the apical fiber a struc- 
ture capable of optical coupling to a packaging platform. 

Accorcfng to an optical module of claim 29 of the invention having the depressed portion, the optical device placed 
on the optical component is disposed in the depressed portion provided in the packaging platform, simply by putting 

s together the reference structure portion of the packaging platform and the reference structure portion of the optical 
component. Thus, estate of a sealing cover being capped on the opecaJ device can be realized substantially. That is, a 
single simple step can achieve ai of fiber ccmectioa electrical connection, and seaing. 

The horizontal reference structure portion of the optical component may be formed of two oblique engagement sur- 
faces which are obfiquery processed parts of the optical waveguide dancing portion. The horizontal reference structure 

to portion of the packaging platform may be oblique engagement surfaces corresponding to the engagement surfaces of 
the optical component The two oblique engagement surfaces of the optica) component may be disposed at finearfy 
syrrvnethca! positions with respect to an axis paraDei to the optical axis of light leaving the optical waveguide. 

The gap between the optical component and the packaging platform excluding the depressed portion may be filed 
with an insulating seating resin. By so doing, tie depressed portion can show the function of hermetically sealing the 

75 optical device. Sealing of the optical device may be achieved by fifing an insuiati ng and transparent or opaque resin into 
the depressed portion. This measure enhances tie sealing effect 

According to an optical module of claim 30 of the invention, optical connection between the optical waveguides 
present in the ptorafcty of optical components can be achieved simply 

In the optical module of this structure as well, the horizontal reference structure portion of the optical component 

20 may be formed of two obfique engagement surfaces which are obliquely processed parts of the optical waveguide dad- 
ding portion. The horizontal reference structure portion of the packaging platform may be oblique engagement surfaces 
corresponding to the engagement surfaces of the optical cornponent The two obfique engagement surfaces of the ope* 
cal component may be disposed at linearly symmetrical positions with respect to an axfs parallel to the optical axis of 
light leaving the optical waveguide. 

25 if sealing is necessary, the gap between the optica! cornponent and the packaging platform may be filled with an 
insulating sealing resin. 

The resin for used in the resin mold used in the method of producing the optical rrxxiule of daim 52 c4the irwerrbon 
is not restricted. For instance, a pubNdy known sealing material or resin for mold packaging for various electronic cir- 
cuits may be used. 

30 The present Invention wtt be described wfth reference to EmborJments. However, they are nothing but preferred 
embocRments tor illustrating the invention, and do not restrict the invention. 

[ErnbccRment 1] 

36 The first embedment of the invention is shown in Rg. 5. in Rg. 5, a packaging platform 1 1 was an injection molded 
art id e, which was composed of a concave structure (reference structure portion) 12 tor inserting, positioning and fixing 
an optical cc<rponent. V-groove portions 13, 13" (fiber positicong portions) capable of holding in an arrayed optical lib- 
ers for input and output of fight into and from the optical component, and connecting the opticalfibers to the optical com- 
ponent and concave portions 14. 14' for accommodating and fixing the coating of the optical fiber ribbon enclosing a 

40 multpficrty ol optical f bers. 

Tables 1 and 2 show the specifications for the mold and the injection molding conditions. The resin used in molding 
was aBca-containing epoxy resin. TNs epoxy resin was composed of 100 parts by weight of pnenouc novoiak type 
epoxy resin. 45 parts by weight of phenolic novoiak resin. 15 parts by weight of a curing promoter, and 700 parts by 
weight of sflica powder. The V-groove portions 13. 13' had a width of 140.3 urn, a groove depth of 121.5 urn, a groove 

45 angle of 60 degrees, and a groove interval of 250 jim. The dimensional accuracy of the mold was 10.1 ^m. Optical and 
mechanical measurements showed that the desired shape could be made with an accuracy of ±1 pra The nx>W shrink- 
age was within 0.1%. A pub&dy known material such as an imidazole, an organophc»sphine corrpound, a urea deriva- 
tive, or a phenolic novoiak salt may be used as the curing promoter. Desirably, it is a material capable of improving 
stability at a temperature of about 100°C at which injection moJolng becomes possible. 

so 



Table 1 



Moid specifications 


Hern 


Specification 


Number of nroldinga 


One 


Method of temperature control 


Heating with heater 
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Table t {continued} 



Mold specifications 


hem 


Specification 


Type of gate 


Side gate 


Runner 


Cold runner 


Nurrtoer of plates 


Two 



Table 2 



lrijectionmofdinoconx*tk^ 


Item 


Conditions 


Mofcfing materia] 


Thermosetting epoxy resin 


Resin drying 


3CTC,2days 


Molding machine 


Thermosetting injection molding machine 
Clamping force: 35 tons 
Screw cSameter: 25 mm 


Cylinder temp. 


Nozzle portion: 40°C 
Intermediate portion: 50*C 
Rear portion: 90*C 


Mold temp. 


170*C 


injection time 


20 sec 


Curing time 


20 sec 


Screw speed 


80 rpm 


Screw back pressure 


7knJcrrr 2 


Injection pressure 


250k^cm 2 



The flat portion and the flat portion in the guide groove could be brought into agreement in terms of height with an 
40 accuracy within 0.5 urn. That is, the concave structure 1 2 was produced with a dimensional accuracy of ±1 um together 
with the V-groove portions 13. 13\ The size oi the mold was designed in complete agreement with the cSmensions of 
the fight input and output portions of an optkal a>rrponem to be irisert 

This packaging platform could be produced with the same accuracy by transfer molding, and no difference in func- 
tion was observed in the resulting two package platforms. 
45 A packaging procedure using the packaging platform 11 wBbe described concretely herein. FouMtoer optical fiber 
ribbons 16, 16* were connected to both ends of an optica) waveguide circuit 1 5 prepared from a polymeric resin material 
in this Embodiment whereby an optical module could be easily produced. 

First the optical waveguide circuit 1 5 was inserted into the concave structure 12 of the packaging platform 11 and 
bonded with adhesive 

so Then, a pair of optical ffcer ribbons 16, 16' were deprived of the coating at the end, arranged and held in the V- 
groove portions 13. 13* for optical fibers. 

Then, the pair of optical fber ribbons 16. 16' were pressed against the V -groove portions 13, 13* by covers 17, 17* 
from above, and fixed there. 

The material for the covers 17, 17 may be glass, quartz or metal, but covers molded from resin were used in this 
55 emtxtfment The covers 17, IT had tiny protrusions 18, 18' on both side walls thereof, which were to be fitted into tiny 
recesses 19, 19' formed in both inner side wails of the packaging platform 11. Thus, the optical fiber ribbons 16. 16 
could be positioned easily. 

The covers 1 7. 1 7 also had four tiny protuberances 20 in a direction along optical fibers in order to ensure the posi- 
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tioning of the optk^ ffoers. Thus, the optical ffeers could be fixed easily 

Without such tiny protuberances 20, fundamental performance would not be impaired, because the V-groove por- 
tions 13, 1 3* were prepared accurately. 

The optical ftoer ribbons 16. 16* can be fixed only by the fitting of the covers 17, IT. To ensure reBabifity, however. 
5 a thermosetting adhesive was used in this embocSment tor reliable fixation. 

The heat curing conditions were 90*C tor 2 hours (primary curing) and 140°C tor 3 hours (secondary curing). 

The fixation of the optical ffoer ribbons 16, 16* can be performed using uttravioW curing resin by preparing the cov- 
ers 17, 17* made from transparent resin. 

This use of the packaging piatform 11 enabled optica) f toer ribbons to be connected together rapidry, correctly and 

10 retiabty. 

The so produced optical module had a connection toss of 5.1 dB on the average, and involved no alignment proce- 
dure. Thus, a marked decrease in ihe operating time was poss&te. 

After fixing of the optical fibers, the entire packaging piattorm was sealed with resin, and the sealed product was 
examined for connection reliability by high temperature high humidity test (7D*C. 90%). Even after passage of 2,000 
15 hours, changes to connection characteristics were within 10%, confirming tuft retiabaity. Packaging of the entire pack- 
aging platform with a resin mold instead of a resin seal also demonstrated the same refiability. 

[Errtxxftment 2} 

20 The second entooolment of ihe invention is shown in Fig. 6. In this embodiment, the tiny protrusions 18.18* were 
omitted in the covers 17, 17 of Embodiment 1. and optfcal fiber ribbons 16. 16' were pressed with metallic spring piece 
parts 50, 5a. in this embodiment, exactly the same results as to Emtxxfiment 1 were obtained lor connection toss char- 
acteristics and reliability. 

That is. no tiny protrusions were provided on both side walls of the covers 17. 17. and the metallic spring piece 
25 parts 50. 50' were provided for interposing the oplical fi^ r^ andthe 
covers 1 7, 1 T. On the inner surface of each of the metallic spring piece parts 50. 50*, a spring mechanism was provided 
to fix the optical fiber ribbons 16, 16' between the packaging platform 11 and the covers 17, 17 by its elastic spring 
force 

Other structure was the same as to the aforementioned Embodiment 1. When o-cresol novolak resin was used 
x instead of phenolic novolak resin as the starting material, the same results were also obtained. 

[Ernbodiment 3) 

This embodirnent conesponded to Embocfrnent 1 in which a silica optical waveguide circuit was used as the optical 
35 component. The same connection loss characteristics and reliability of the packaging platform as in Ernbodiments 1 
and 2 were confirmed. When o-cresol novolak resin was used instead of phenolic novolak resin as the starting material . 
the same results were also obtained. 

[Ernbodiment 4} 

40 

Fig. 7 shows the fourth ernbodiment of the invention. This ernbodiment involved only one inpul/oulpul end of an 
optical component 

In Fig. 7, a packaging platform 61 . as in Ernbodiment 1 , was composed of a concave structure 62 tor inserting, posi- 
tioning and fixing an optical component, a V-groove portion 63 capable of holding and connecting optica} ftoers in an 
45 array, and a concave portion 64 for acccmrxxfeting and fixing the coating of an optical f toer rtooon 16 enclosing a mul- 
tiplicity of optical ftoers. However, toe V-groove portion 63 and the concave portion 64 tor fixing the optical fibers are 
formed only at one end. The materials used were the same as in Emtxxfrnents 1 , 2 and 3. 

The method of fabricating the packaging platform and its dimensional accuracy were exactly the same as in 
EmtxxSrnent 1. An optical component 65 was a hybrid optical component conprising serroccnouctor lasers (LD's). 
so semiconductor laser output monitoring photodiodes (PDs), and signal detecting photocSodes placed in oornbination on 
a silica optical waveguide circuit The optical input/output end of this product was only one. 

The packaging procedure was the same as in Entofiment 1, and the same connection toss characteristics and 
reliability of the packaging piattorm were confirmed. 

According to the packaging platform, it was confirmed that even a simple combination of a semiconductor laser and 
« a photoojode without the optical waveguide circuit used in this embodiment, namely, a transceiver or an individual opti- 
cal component module, could be converted into a module, easily and in a short time, when connected to optical f frets 
and sealed 
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[Embodiments] 

Rg. 8 shows the fifth embodiment of the invention. A module of this embodiment is characterised that an optical 
corrponent 65 is comprised by forming a semiconductor tasar any 65a and electrodes 65b on a Si substrate. The other 
5 constitution are the same as Embodiment 4, as weil as materials used in the embodiment and a me*wd for rxodusing 
the module are the same as Embodiment 4. 

[Embodiment 6} 

10 Figs. 9 and 1 0 show an optical module related to the sixth embodiment of the invention. 

This embodiment, as illustrated in Rg. 9, comprised an injection molded packaging platform 21, and an optical 
component 22 inserted into and fixed by adhesive to the packaging platform 21 . 

The packaging platform 21 , as shown in Rg. 1 0. was composed of a concave structure (reference structure portion) 
23 for positioning and fixing, V-groove portions (fber positioning portions) 24, 24' capable of hokfing and connecting 
is optical fkers in an array, concave portions 25, 25' for accommodating and fixing the coating of optica) fiber ribbons 
enclosing a mutopficrty of optical fibers, and grooves 26, 26', 26" provided in the concave structure 23 for accommodat- 
ing excess adhesive. 

The specifications for a moid and the injection molding conditions for fabricating the packaging platform 21 were 
exactly the same as in the aforementioned Tables 1 and 2. The resin used in mokfing was sffica-coniaining epoxy resin. 
20 The dimensions of the grooves 26, 26*. 26" provided in the concave structure 23 for accommo d ating excess acfre- 
srve were 200 jim in width and 300 pm in depth from the concave structure 2a 

The V-groove portions 24, 24' had a width of 1 40. 3 pm, a guide groove depth of 1 2 1 5 pm, a guide groove angle of 
60 degrees, end a guide groove interval of 250 pm. The dimensional accuracy of the moid was set at ±0.1 um. Thus, 
the desired shape could be made with an accuracy of ±1 urn. 
25 That is. the concave structure 23 was prepared with a dirnensionaJ accuracy of 1 pm. fike the V-groove portions 24, 
24\ and could be molded in agreement with the dimensions of the Bght input and output portions of the optical compo- 
nent 22 to be inserted rrto the concave structure 23. 

The polymer optical component relevant to the instant embodiment was prepared by the toflowing packaging pro- 
cedure: 

30 First, the optical component 22 was placed on the packaging piatform 21 shewn in Fig. 9. 

The optical component 22 was a polymer optical waveguide including a 4 x 4 optical star coupler. 
This polymer optical waveguide was in a fim form, and prepared in accordance with a method of forming a polymer 
optica] waveguide droit comprising a core and a cladding on a substrate having copper as a top layer, and then dipping, 
this composite in an aqueous solution of hydrochloric acid to strip the polymer optical waveguide circuit portion from the 
35 substrate (Japanese Patent Application No. 127414/95). 

The core material was prepared from deuterated PMMA, and the cladding was produced from UV curable epoxy 
resin 

The core size was 40 um square, the distance from the bottom surface of the cladding to the core center was 75 
pm, and the entire thickness was 150 pm 
40 The porymercobcal waveguide was cut to a su^ec^ relative 
to concave structure 23 of the packaging platform 21. 

Then, the UV curing adhesive was inserted through the groove 26'. and the polymer waveguide 22 was lightly 
pressed from above with a metal piece 1 mm smaller in width and length than the polymer waveguide 22 to bring the 
pofymer waveguide 22 and the concave structure 23 of the packaging platform 21 Into intimate contact. 
45 At this time, the excess adhesive flowed into the grooves 26. 26". and did not escape to the end laces of the V- 

groove portions. 

Then, ultraviolet radiation was applied tor 5 mi nutes to complete a polymer optical corrponent of the instant embod- 
iment 

The so prepared polymer optical component can be connected, with desired characteristics, to a four-fiber optical 
so ttoer ribbon, and an optical packaged product can be produced easily. These tacts were confirmed by the toflowing 

methods: 

A pair of optical fiber ribbons were deprived of the coatings provided at the end. and were arranged and held in the 
V-groove portions 24, 24'. 

Then, the pair of optical fber ribbons were pressed against the V-groove portions 24, 24' by press covers of glass 
55 from above. An ultraviolet curing adhesive was flowed into the V-groove portions 24. 24' to adhere and fix the optical 
fber ribbons to the optical packaging component of the instant ernbocSment having the polymer waveguide mounted 
thereon. 

On this occasion, the cores of the polymer waveguides and the cores of the fiber ribbon completely agreed without 
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a special aiigrwnent procedure Connection iocs was evaluated using a laser tight source having a wavelength of 0.85 
umand aphotofode. The connection loss was about 0.5 dB. thus permitting easy connection with low connection loss 
ftoers. 

5 [Errtoorfment 7] 

Fig. 11 shows a polymer optical conponent related to the seventh entxxftmert of theinverrtton. 
The polymer optical compon e nt of this embodiment comprised an injection molded packaging platform 27, and a 
porymer waveguide 28 inserted into the packaging platform 27 and having two sets of Y-branchmg waveguides fixed by 
10 adhesive to the packaging platform 27. 

The packaging platform 27 was the same as shown in Rg. 10 and prepared by the same method as described in 
Embedment 6. 

The porymer optica) component relevant to the i nstanl ernbocfiment was produced by the toBowing packaging pro- 
cedure: 

15 First the porymer waveguide 28 
form 27. 

This porymer optical waveguide was in a f im form, and prepared in accordance with a method of forming a polymer 
optical waveguide circuit comprising a core and a cladding on a substrate having copper as a top layer, and then clpping 
this composite in an aqueous solution of hydrochloric acid to strip the porymer optical waveguide circut portion from the 
20 substrate (Japanese Patent Application No 12741 4#5). 

The core material was prepared from deuterated PMMA, and the dadrjng was produced from UV curable opoxy 
resin. 

The core size was 40 urn square, the distance from the bottom surface of the dadding to the cor e center was 75 
urn, and the entire thickness was 1 50 pm. 
25 The porymer optical waveguide was cut to a size of -5 urn ± 3 jim widlhwtse. and -10 um± 5 urn lengthwise, com- 
pared with concave structure of the packaging platform 

Then, a UV curing adhesive was inserted through a groove 29, and the porymer waveguide 28 was fightty pressed 
from above with a metal piece 1 mm smaller in width and length than tte porymer waveguide 28 to bring the polymer 
waveguide and the concave structure of the packaging platform 27 into intimate contact. 
so At this time, the excess ac&iesive flowed into grooves 29. 29". and did not escape to the end faces of the V-groove 
portions. 

Then, uftravTOiet radiation was applied for 5 minutes to complete a polymer optk^ component of the instant embod- 
iment 

The so prepared polymer optical component can be connected, with desired characteristics, to a tour-f toer optical 
35 1 fiber ribbon, and an optical packaged product can be produced easily. These facts were confirmed by the following 
methods: 

On the input side, the two optical f bers at the center of the tour f bers of a tourrber optical fiber ribbon were con- 
nected to the cor es of the polymer waveguide on the input side of the two branches. On the oufcut side, the four optical 
fibers of another tour-fber optical fber ribbon were connected to the four cores of the polymer waveguide located on 
do the output side. 

In other words, a pair of the optical fber ribbons were deprived of the coatings provided at the end. and were 
arranged and held in the V^roove portions. 

Then, the pair of optical fber r boons were pressed against the V-groove portions by press coven* of glass from 
above. An ufeaviotet curing adhesive was flowed into the V-groove portions to adhere and fix the optical fber nbbons 
45 to the optical packaging component of the instant entxxSment having the polymer waveguide mounted thereon 

On this occasion, the cores of the branching waveguides of the porymer waveguide and the cores of the fber rib- 
bons nearly agreed without a special alignment procedure. Connection loss was evaluated using a laser Sght soiree 
having a wavelength of 0.85 jim and a photodioda The connection loss was about 0.5dB, thus permitting easy con- 
nection with low connection loss f bers. 
so Trie two waveguides of the Y- br anching devices were also confirmed to contain input fight in a nearly 1:1 branched 
state. 

The above two embodiments gave examples of a polymer optical waveguide as a branching waveguide or a star 
coupler for branching and merging Tight regardless of its wavelength Clearly, however, an optical waveguide circuit hav- 
ing a demultiplexing function and a multiplexing function may be mounted, such as a Mach-Zehnder Interferometer or 
ss an arrayed waveguide grating which has strongly wavelengm^ependent branching^merging characteristics. 
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[ErrtxxSment 8} 

Figs. 12, 13 and Hare perspective views showing a packaging platform and an optical module using It. as the sev- 
enth entoodiment of the present invention. The materia* used were the same as in Embodiment 1, and motied by 
5 injection molding. All the cfimensionaJ accuracies were within ±1 jim. 

in the drawings, the numeral 33 denotes a packaging platform composed of a ftoer positioning groove 33-1, a pro- 
truing guide 33-10, and leads 33-30 using lead frames as electrical wirings. The upper surface 33- 10a served as a 
height reference surface, while its oblique side surface 33- 10b constituted a horizontal reference surface (engagement 
surface). The position and dimensions of the f foer positioning groove 33-1 were set at predetermined values accurate 
w to about 1 pm relative to the height reference surface 33-1 0a and the horizontal reference surface 3310b. Thus, when 
an optical fiber 32 Is inserted into the ftoer positioning groove 33-1, the position of the core center of the optical ftoer 32 
can be determined with an accuracy of about 1 um relative to the height reference surface 33-1 0a and the horizontal 
reference surface 33- 1 0b. 

The numeral 31 denotes an optical component which, concretely, had a sifica optical waveguide comprising an opto- 
is cal waveguide core 31-1 and a cladding 31-2 on an Si substrate. In this ernbodiment the optica] waveguide 31 -1 con- 
stituted a straight waveguide, and a laser diode 31-3 was mounted on an optical device mounting portion formed by 
partiaBy removing the dacttng portion 3 1 -2 by etching to make a laser optical module. On the surface of the substrate, 
an electrical wiring 31-4 for driving the laser diode 31-3 was provided, and a pad for electrical connection with the pack- 
aging platform 33 was provided forward of the electrical wiring. In the remaining portion, a radiating land 3 1-5 was pro- 
se vided for escaping heat to the packaging platform 33. The positional relationship of a horizontal reference surface 31- 
10b to the connecting pad of this electrical wiring pattern was set at a predetermined value accurate to about 1 pm. 

The cladding near the end of the optical waveguide substrate had been processed in an oblique form by rerncval 
by etching. This oblique engagement surface 3M0b functioned as a horizontal reference surface for the optical com- 
ponent 31. while a bottom surface 31-I0a formed by etching functioned as a height reference surface. The horizontal 
25 position and height from the height reference surface to the optical waveguide core center were determined with an 
accuracy ofaboutl pm relative to predetermined values. The positional relationship of «ie pad for the electrode pattern 
3 1-32 to the horizontal reference surface was also determined with an accuracy of about 1 um. As described above, the 
main constituents on the packaging platform 33 and the optical component (la, optical 1toer positioning groove 33-1 . 
electrical wiring pattern 31-4, optical waveguide core 31-1 . leads 33-30) were determined accurately to have predeter- 
30 mined design values retetive to the height and horizontal reference surfaces provided in both of tie packaging platform 
33 and the optical component 31 . 

The me^ of afignmeni using trie abc^ 15, 16and17.Rg. iSisaperspectrveview 

of the viririty of the reference surface, Fig. 16 is a plan view thereof, and Fig. 17 is a side view thereof. 

in this embodiment, clad part of the both sides of the optical waveguide core of the optical component were proc- 
35 essed in an oblique form, and the oblique engagement surfaces 31 -10b were arranged linearly symmetrically with 
respect to an axis paralel to the optical axis of exit light from the optical waveguide. For further simplification, the draw- 
ing shows a case in which the linear symmetric axis and the optical axis agreed, but this agreement is not necessarily 
required. If excessive etching was done, the cladding portions on both sides would be equally scraped, and deviation 
of the axis of the opted waveguide from the optical axis would not occur. The alignment guide 33- 1 0 for the packaging 
40 platform 33 was obliquely processed in agreement with 31 -10. Clearly, this processing gives the same geometrical 
characteristics as in the optical waveguide substrate. 

Using the foregoing structure, alignment between the optical waveguide 31-1 and the optical ftoer core 32-1 was 
carried out Alignment in the horizontal direction by the horizontal reference surfaces 31- 10b, 33-10b is shown in Fig. 
16. The height reference surfaces 31-10a and 33- 10a of the optical waveguide and the packaging platform 33 were 
45 pressed against each other, and the optical waveguide substrate was slid forward for horizontal alignment. When the 
horizontal reference surfaces contacted each other, and finally settled down, the optical axis of the optical waveguide 
31-1 agreed with the center of the ftoer positioning groove 33-1. At this time, the optical ftoer 32 was fitted into the ftoer 
positioning groove 33 1, whereby alignment on a horizontal plane was automatically completed tor the optical 
waveguide 31-1 and the optical ftoer core 32-1. 
so Alignment by the height reference surfaces 31 - 1 Oa, 33-10a is illustrated in Fig. 17. The height reference surfaces 
31-10a and 33- 10a of the optical waveguide 31 and the packaging platform 33 were pressed against each other, 
whereby the positional relationship for height was determined between the height of the optical ftoer 32 placed in the 
ftoer positioning groove 33-1 and the height of the optical waveguide. If, based on this relationship, the distance of the 
optical waveguide core 31-1 from the height reference surface is conformed to the distance of the optical liber core 32 
55 from the height reference surface 31 - 10a, the heights of the optical ftoer core 32-1 and the optical waveguide core 31- 
1 would agree. For an optical waveguide including an electric circuit as in the entoodiment shown in Figs. 12. 13 and 
14, opposed electrical pads are formed in the optical waveguide 31 and the packaging platform 33, and an electrode 
withdrawing structure such as solder bumps 33-31 and 33-30 is used. By so doing, electrical connection can be 
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obtained easily. Since the accuracy of afignment is about 1 urn. moreover, packaging of this type easily becomes pos- 

stte even for an optical waveguide with a fine electrode pattern. 

In this embodiment, the taring of the optical component onto the packaging platform by means of solder bumps is 

performed by applying an adhesive or solder with the reference surfaces being pressed against each other, and hokfing 
5 this state until the ««ies^ec*soWer becomes cured. The use of solder b^ 

can be omitted. The reasons are Bustrated in Rg. ISA. 
fig. 18A is a sectional view of the area d 

component 31 The optical waveguide, opbcaJ fber and optica) device are not shewn. In the entxxJment, the horizontal 

reference surface is a vertical wail running ob&queiy relative to the optical axis, but was indicated as a simple vertical 
to wal for easy understanolng. Afignment usinQ the packaging platform 33 is performed by forcing the optical component 

31 toward the packaging platform 33 in a o^Mmward, rightwardoVeclfon on the sheet ta^ 

the reference surfaces 3M0a and 33-10a against each other, and the reference surfaces 3M0b and 33-106 against 
each other. 

The use of the solder bumps 33-31 is accompanieci beforehand, by forming an electrode pad of the packaging plat- 

15 form 33 rigrrtward of an electrode pad c4 trie optk»l cornponent 31, and adjusting the amount of the solder, so that the 
solder wit! pull the pad of the optical component 31 downward. When the solder Is melted, the surface tension works, 
causing the optical component 31 to be automatically pressed in frie ctowTtward, rightward direction on the sheet face 
of the oYawtng as shown in Rgs. 18Band 18C. When the sober is cooled in this state, the optical component 31 and 
the packaging platform 33 can be fixed to each oth er with the reference surfaces in contact, without hotting trie optical 

20 component 31 by means of a packaging apparatus. When the solder bumps are used, the shape of the electrical pad 
or the solder bump may be inappropriate, or tie surface of the solder bump may be oxidized and resistant to surface 
terew. However,* the opt^ 
be suppressed and easy packaging is possible. 

In this errixjdiment the horizontal reference surface obBque relative to the optical axis was used. However, if a hor- 

25 izontal reference surface parallel to the optical axis Is present on each of the optical waveguide and the packaging plat- 
form, the high accuracy adjustment of the distance between *>e horizontal reference surface and tie optical waveguide 
and between it and the optical fber array structure would enable the optical axes of the optical waveguide and the opti- 
cal fber in the horizontal ejection to be coaxial easily. 

The optical module illustrated in Figs. 13.14. 1 5. 1 6 and 1 7 is an optical module after completion of assembly by a 

so r^g^ type optical f tow f being method. The optical fber 32 was placed on the fiber pc^k>ningrx)r^ 33-1 on the pack- 
aging platform 33. Then, an adhesive 34-1 was put on the optical fber 32 for fixation, and the coaled portion of tf^ 
cai fiber was fixed to the packaging platform 33 with an adhesive 34-2. The optical waveguide 31 was fixed by the use 
of an adhewve applied very thinly to the height reference surface 33-10 and solder bumps 33-31, although mis is not 
shown At this time, the optical waveguide 31 is pressed down toward the right on the sheet face of the drawing for fix- 

35 ation onto the packaging platform 33. By this measure, the optical fber can be aSgned with the optical waveguide in the 
direction of height and on the horizontal plane as has been stated previously. Fixation then becomes possible without 
misalignment as shown in Rg. 14 as a sectional view. 

Figs. 1 9 and 20 show an optical module of the type m which an optical fiber is inserted after mounting a packaging 
platform and an optical component to each other. Fig. 1 9 illustrates an assembled state, and Fig. 20 is a sectional view 

40 thereof. In this case, a press plate 35 with a v^groove adapted to fber dimensions is fixed on a fber positioning portion 
33-1 to provide a hole-fike structure for guiding a fber 32. By so doing, the optical fber 32 can be inserted into the 
grooved portion 33-1 where necessary, to obtain optical coupling with an optical waveguide 31 . In this embodiment, a 
hook 36 was attached to the optical fber, and a packaging platform 33 with a retiring part 33-6 to be fitted to the hook 
36 was used to make a structure capable of oetechabfe mounting of the optical fber 32. 

45 

[Errbodiment 9J 

Fig. 21 shows an example of a sealing structure of an optical module of the type in which a resin is poured between 
an optical waveguide substrate 31 and a packaging platform 33. This sealing method is effective in providing a seal for 

so protection of an electrode, an electrical wiring, etc The reason is as foflows: To enhance a seeing effect as small a 
sectional area of a resin layer as possible is desirable; the resin has some moisture permeability, so that the larger the 
sectorial area of the resin layer, the easier the penetration of water molecules becomes. According to the present inven- 
tion, the packaging platform 33 substantially plays the role of a cover tor the optical component thus making it possWe 
to tan a layer o< resin to be penetrated into the gap. Because of this, the optica! module of the invention enables sealing 

» wHh resin to exr^ very Ngh^ resia When a trans- 

parent resin is used, it may be flowed into the junction between the optical fber and the optical waveguide, and can 
function as a refractive index aligner as well as a sealant This example is illustrated in Fig. 22- 

Fig 23 shows an example of an optical module sealed with resin Injected into a gap between an optical waveguide 
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substrate 31 and a packaging platform 33, constructed such thai the resin does not enter a part of the gap. In this 
embodiment, the resin has affinity tof the optica) waveguide substrate 31 and packaging Perform 33. Thus, the embod- 
iment utfzed the feature of the sealing resin that because of surface tension, the resin naturally deferms into such a 
shape that its portion in touch with the air shrinks. TNs means a conf iguration in which flowing of the sealing resin into 
5 part of the wis suppressed by p*ov^^ 

ture 33-40 tor widening the gap between the op*ceJ waveguide substrate 31 ai^ 

angled difference in level. This effect always hdcte if the affinity of the resin for the surface, though not the air, is suffi- 
ciently low. By this method, the sealing resin can be prevented from contacting the optical device, because of refractive 
index, etc., or can be prevented from escaping to an optical component, such as a fBm-shaped optical component 37, 
to which is susceptible to influence from stress because of its shape. This errtodiment has given consideration to a case 
in which the optical module may be heated, although not shown. To avoid the situation that a hollow surrounded by the 
resin may be formed in the gap, there was used a packaging platform of a structure in which there is no resin-sur- 
rounded portion by the use of a groove as shown in Figs. 9, 10 and 11. 

is (Embedment 10} 

Rg. 24 shows the tenth errtxxfiment of the present invention. The drtterence of this embodiment from EmborJ- 
ments 8 and 9 is that posrtiorung reference surfaces for a plurality of optical components were provided on a packaging 
platform. 

20 Concretely, optical ftoers 32, and optical a>mponents 31 -a and 31 -b by Y branching optica! waveguides were 
placed on packaging platforms 33-a and 33-b, respectively. Positioning reference surfaces 33-1 0 for the two piece parts 
that connected the optical fibers 32 together were provided on the packaging platforms 33. These pc^rtiorang reference 
surfaces are matched with positioning reference surfaces 31-10 provided on the optical components 31 -a and 31 -b. 
whereby aligrvnent between trie optical waveguides provided on both optical components can be resized. This embed- 

25 iment was also constituted such that the positioning reference surfaces on the packaging platform were formed so that 
a gap would be formed between both optical components, and a fBrrvshaped component 37 would b* inserted into this 
gap. This flm-shaped ccrnponent 37 was an optical wavelength ffter composed of a dielectric multilayer. 

In this embodiment ortfy the site near the junction between the optical components was shown for simplification, 
so that only the optical wavegukte was provided in the optical ttyrponent Lfce Embodiments 8 and 9. however, an elec- 

30 trode pattern and a semk»riductor optica) device may be placed on the optical ccrnponent while an electrical wing 
pattern and a depressed portion corresporxfing to them may be provided on the packaging platform. Furthermore, an 
optical fiber positioning groove portion for these optical cwponents may be provided. 

According to the present invention, as noted above, a p4ura% of optical cc*nponents can be ccrnbined into a large- 
scale optical module. In realizing this, alignment between the optical fiber and the optical waveguide, alignment 

35 between the optical waveguide and the optical waveguide, afignment between tie electrode pattern and the electrical 
wiring pattern, and alignment between the sen*»nductor optical device and the depressed portion ail can be accom- 
plished by matching between the positioning reference surfaces on the packaging platform and the positioning refer- 
ence surfaces on the optical ccrnponent 

40 [Embodiment 11} 

In the preceding ErnbocSments 8 to 10. the horizontal alignment of the optical component and the packaging plat- 
form was performed by contact of the rrorizontaf reference surfaces provided in both members. Besides this method, 
their horizontal afignment can be done using horirontaJ petitioning mark* Fig. 25 Blustrates this method, according to 
45 which torizontal reference marks (punctate horizontal reference structure portions) 31-1 1 are formed on height refer- 
ence surfaces 31 -10a of an optical cornponent 31. In a packaging platform 33, too. horizontal reference marks (punc- 
tate torizontal reference structure portions) 33-1 1 are formed on height reference surfaces 33- 1 0a. Here, the horizontal 
reference marks 33-1 1 are, say. trucugrvhotes. These marks 3 1 -1 1 , 33- 1 1 are optically observed to carry out the afign- 
ment of both. 

so Even if the marks 31-11 and 33- 11 are linear, not punctate, in form, tiey can be used functionary similarly. 

In the Embedments 8 to 1 1, the material for me packaging platform may be a precisfoivprocessable one. and is 
not restricted to a particular material For example, the packaging platform may be formed from a material such as sili- 
con or ceramic However, the packaging platform molded from a resin material among wide varieties of feasible mate- 
rials is markedly superior in terms of economy and mass product Jrty. Examples of such resin materials are 
55 thermosetting epoxy resins containkig 50% of glass powder, and pcfyetherirrade, porysuftone and poryethersutfone res- 
ins containing 40% of glass powder. 

In the above ernbodiments, the packaging platform was shaped like a housing of an optical waveguide substrate. 
In ttie presence of an aSgnment structure as shown in the embodiments, however, the packaging platform may be in the 
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form of a substrate extending on a plane. 
[Embodiment 12] 

The first characteristic of the present invention lies in a structure in which afignment in opticaBy coupling an optical 
component and an optical ftoer with the use of a packaging platform can be performed accurately and easdy The sec 
ond characteristic of the invention fas in providing a material constitution for actualize the fu^<^acteristic in an opti- 
mal state. The instant Emboolment 12 and following Embodiments 13 to 17 disclose concrete examples of such a 
material constitution. 

ThefoSowing is a description of the material constitution and manufacturing method for a packaging platform 33 of 
a structure as shown in Fig. 26. 

The iflustraled packaging platform 33 can perform the afignment of a single mode opticaJ waveguide component 31 
oy the use of two opposed reference surfaces provided in the packaging platform 33 and the single mode optical 
waveguide component 31. The packaging platform 33 and the optical waveguide component 31 are both precisely 
formed so that when these opposed reference surfaces are brought into contact with each other, the cores of optical 
fibers agree with the cores of the single mode optical waveguide component 31 The required accuracy in this case is 
within ±0.5 micron relative to the target position. 

(i) Material 

A synthetic resin composreon containing 100 parts by weight of a novolak type epoxy resin, 100 parts by weight of 
a novolak type phenofic resin, 10 parts by weight of a cuing promoter (2.4-toryfene d»sccyanats, dimethytamine 
adduct}. and 600 parts by weight of silica particles (average particle size 30 microns or less). 

fn) Mold 

Quenched steel was precision processed to a cfimensionai accuracy of 10.1 nicron. 
(Hi) Molding 

The above composition was injection molded in the following manner using the above mold: The cornposffion was 
fed to an injection molding machine having a ciarrping pressure of 50 tons, an injection capacity of 49 cm3 . a pJastteation 
capeoty of 25 kg/hr, and an injection pressure of 1.750 ko/™ 2 , and molded under the corxftfons, a cylinder temperature 
of SrC below 1he hopper and 90*C in the nozzle area, a mold temperature of 1 80*C, an injection time of 20 seconds, 
a curing time of 20 seconds, and an injection pressure of 750 kg/*" 2 . The molded material was posKured tor 3 hours 
atl80*a 

As a result, molded products having a dimensional error of ±0 5 micron as shown in Fig. 27 were obtained contfo- 
uousfy. 

The above-mentioned composition was molded by a transfer molding machine to obtain molded products having 
the same characteristics. 

An optical waveguide component was mounted at a reference surface position of the resulting molded product and 
optical fibers polished at the end face were fixed to the optica] waveguide component along the V-groove guides. The 
connection loss was 0.1 dB or less, thus confirming that precise alignment was reafized 

[Enfcotfiment 13] 

The following is a description of the material constitution and manufacturing method for a packaging platform 33 of 
a structure as shown in Fig. 28. 

The aiustrated packaging platform 33 can perform the alignment ot a single mode optical waveguide component 31 
by the use of two opposed reference surfaces (a fiat surface in the optical waveguide component 31 ; a surface formed 
by connecting together the ridgefines 70 of the V-shapes at the bottom of the platform 33 in its sectional view). The 
packaging platform 33 and the optical waveguide component 3 1 are boto precisely formed so that when these opposed 
relerence surfaces are brought into contact with each other, the cores of optical ffoers agree with the cores of the single 
mode optical waveguide ccmponent 31. The required accuracy in this case is within ±0.5 micron relative to the target 
position. 
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(i) Material 

A synthetic resin composdion containing 100 parts by weight off a pherwfc rxM)lak typ« epoxy resin. 100 parts by 
weight of a novoiak type phenolic resin, 1 0 parts by we^ of a curing prorrwtor (2,4-tolylene diisocyanate. olmethyl- 
5 amine adduct), and 600 parts by weight of sirica particJee {average particle sue 30 microns or less). 

(«) Mold 

Quenched steel was precision processed to a cfimensionaJ accuracy of ±0. 1 micron. 

10 

(ii) Molding 

The above composition was injection molded in the following manner using the above mold: The composition was 
fed to an injection molding machine having a clamping pressure of 50 tons, an injection capacity of 49 crrr, a piastica- 
is tfon capacity of 25 kg/hr, and an Injection pressure of 1 ,750 kg/ 0 ™ 2 , and molded under the condrtions, a cyfindar tenv 
perature of 50*C below the hopper and 90*C in the nozzle area, a mold temperature of 180*C. an injection time of 20 
seconds a cur^ time of 20 sewno^ kg/*" 2 . The molded materia) was post-cured for 

ShoursatiarC. 

As a result molded products having a dimensional error of 10. 5 micron as shown in Fig. 28 were obtained contin- 
, 20 uousfy. 

The above-mentioned cornposifion was molded by a transfer moidng machine to obtain molded products having 
the same characteristics 

An optical waveguide component was mounted at a reference surface position tf^ 
optical f bars polished at the end face were fixed to the optica! waveguide component along the V-groove guides. Trie 
25 connection loss was 0.1 dB or less, thus confirming that precise alignment was realized. 

[Embodiment 14) 

The following is a description of frie material constitution and rnanufacturing method for a packaging platform 33 of 
30 a structure as shown in Rg. 30. 

The illustrated packaging platform 33 can perform the alignment of a single mode optical waveguide corriponent 31 
by the use of two opposed reference surfaces (a flat surface in the optical waveguide component 31; a surface formed 
by connecting together the apices of conical shapes 71 in the platform 33). The packaging platform 33 and the optical 
waveguide component 31 are both precisely formed so that when these opposed reference surfaces are brought into 
35 contact wr*> each other, the cores of optical fibersa^ee writhe cores of the 

31. The required accuracy in this case is within ±0 5 micron relative to the target position. 

(0 Material 

40 A synthetic resin composition containing 100 parts by weight of a phenolic novoiak type epoxy resin, 100 parts by 
weight of a novoiak type phenofic resin, 10 parts by weight of a curing promoter {2.4-torytene cHisocyanate, dimethyl - 
j amine acttuct). arxl 600 parts by weight of silica particles (average partide size 30 microns or less). 

(it) Mold 

Quenched steel was precision processed to a rJrnensfonal accuracy of ±0.1 micron 
(Ii) Molding 

so The above cc>rrposrtion was injection molded in the toScwig manner using the above mold: The ectfrpesrfcon was 
fed to an injection molding rrachine having a damping pressure of 50 tons, an injectkn capacity of 49 apiastfcaiion 
capacity of 25 hg/hr. and an injection pressure of 1,750 kg/ 0 " 2 , and molded under the condrtions, a cyfinder temperature 
of 5Q*C below the hopper and 90*C in the nozzle area, a moid temperature of 1 80*C, an injection time of 20 seconds, 
a curing time of 20 seconds, and an Injection pressure of 750 kg/** 2 . The molded material was post-cured for 3 hours 

» at 180*C. 

As a result molded products having a dimensional error of ±0.5 micron as shown in Rg. 29 were obtained contin- 
uously. 

The above-mentioned composition was molded by a transfer molding machine to obtain molded products having 
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the same characteristics. 

An optical waveguide component was mounted at a reference surface position of the resulting molded product and 
opto! fibers polished at the end lace were fixed to the optical waveguide component along the V-groove guides. The 
connection toss was 0.1 dB or less, thus confirming mat precise afignment was realized 

5 

[Embodiment 15J 

The fofiowing Is a description of the material constitution and rnanufacturirvj method tor a p^ 
a structure as shown in Fig. 31. 
w The Bustrated packing platform 33 c^ 

by the use of two opposed reference surfaces provided in the packaging platform 33 and the single mode optical 
waveguide component 31. The packaging platform 33 and the optical waveguide component 31 are both precisely 
formed so that when these opposed reference surfaces are brought into contact with each other, the cores of optical 
fibers ay ee with $>e cores of the single mode optical waveguide component 31 . The required accuracy in this case is 
is within ±0.5 rricron relative to the target position. The diameter of each of cylinders 72 as inputs tor optical fbers was 
set at 200 microns, while the diameter of each of cylinders 73 on the afignment side was set at 126 microns. 

The molding method tor the packaging platform complied with the aforementioned Embodiment 12. As a result, 
molded products having a dimensional error of ±0 5 micron relative to the target value were obtained continuously. 
The aforementioned composition was molded by a transfer molding machine to obtain molded products having the 
20 same characteristics. 

An optical waveguide component was mounted at a reference surface position of the resulting molded product and 
optical fibers ( 1 25 microns in diameter) polished at the end face were fixed to the optical waveguide component along 
the cylindricaJ guides. The connection loss was 0. 1 dB or less, thus confirming that precise alignment was realized. 



25 [Embodiment 16] 

The following is a descripbon of the material constitution and manufacturing method for a packaging platform 33 of 

a structure as shewn to Fig. 26. 

The illustrated packaging platform 33 can perform the afignment of a single mode optical waveguide component 31 
30 by the use of two opposed reference surfaces provided in the packaging platform 33 and the single mode optical 
waveguide component 31. The packaging platform 33 and the optical wavegude component 31 are both precisely 
formed so that when these opposed reference surfaces are brought into contact with each other, the cores of optical 
ffoers agree with the cores of the single mode optical waveguide component 31 The required accuracy in this case is 
within ±1 micron relative to the target position. 

35 

(i) Material 

A synthetic resin corrposition containing 1 00 parts by weight of a novolak type epoxy rean, 100 parts by weight of 
a novolak type phenofic resin, 10 parts by weight of a curing promoter (2.4-tolylene drrsocyanate, dimethytamine 
40 adduct). and silica particles (average particle size 30 microns or less) in a varying proportion as shown in Table 3. 



Table 3 



Silica (%wvwt) 


Moid shrinkage 


V-groove pitch dimen- 
sional error 


30 


0.4% 


•1 pm < < 0 pm 


50 


0.3% 


-1 jim < < 0.5 jim 


70 


0.2% 


< ±0.5 jim 



(ii) Mold 

Quenched steel was precision processed to a dimensional accuracy of ±0.1 micron. 

55 

(10 Molding 

The above composition was injection molded in the following manner using the above mold: The ccnrposrlion was 
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fed lo an infection moking machine having a clamping pressure erf 50 tons, an Injection capacity of 49 cm 3 , a piastica 
tfon capacity erf 25 kp/hr, and an injection pressure of 1,750 kg/ 3 * 2 , and molded under the ooncfitions, a cylinder tem- 
perature of 5CTC below the hopper and 90*C in the nozzle area, a mold temperature of 180*C, an injection time of 20 
seconds, a curing time of 20 seconds, and an injection pressure of 750 kg/ 0 *" 2 . The molded material was post-cured for 
5 3 hours at 180*0- 

As a resuft, molded products having a dimensional error of ±0 5 micron as shown in Rg. 27 were obtained contin- 
uously. 

The above-mentioned composition was molded by a transfer motefng machine to obtain molded products having 
the same characteristics. 

w An optical waveguide component was mounted at a reference surface position of the resulting molded product, and 
optical I bars polished at the end face were fixed to the optical waveguide component along the V-groove glides. The 
connection loss was 0.1 dB or less, thus confirming that precise alignment was realized 

Control 1 

In the preceding Embodiment 1 6, the synthetic resin cenrposition with the sifica powder proportion varied as shown 
in labia 4 was molded. The shnntege of the resulting molded product was 1 .3%, demonstrating that no products having 
satisfactory dimensional accuracy were obtained. Variations In the dimensional values were also great (5 to 6 microns). 



Table 4 



Silica {% wt/wt) 


MoW shrinkage 


V-groove pitch dimen- 
sional error 


0 


1.3% 


-5 jim < < -9 pm 


10 


1.3% 


-5 urn << -10 iht\ 



Control 2 

The following is a description of the material constitution and manufacturing method for a packaging ptettorm 33 of 
a structure as shown in Rg. 26. 

The ilustrated packaging platform 33 can perform the alignment of a single mode optical waveguide component 31 
by the use of two opposed reference surfaces provided in the packaging platform 33 and the single mode optical 
waveguide component 31. The packaging platform 33 and the optical waveguide component 31 are both precisely 
formed so that when these opposed reference surfaces are brought into contact with each other, the cores of optical 
fbers agree with the cores of the single mode optical waveguide component 31. The required accuracy in this case is 
within 1 1 micron relative to the target position. 

40 (i) Material 

A synthetic resin containing slca particles (average particle size 30 microns or less) in a varying proportion as 
shown in Table 5 based on polyetherimide resin. 

45 

Tables 



S*ca(% wt/wt) 


Anfeotropy 


Dimensional error 


Remarks 


0 


1.7 




Warping confirmed visually 


30 


1.3 


±<1 urn 





(5) Mold 

55 Quenched steel was precision processed to a dimensional accuracy of ±0. 1 micron 
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(i)Mokfing 

The above composition was Injection molded using the above mold under the sam e ccnoftons as described In the 
aforementioned embotfmerrts. 

5 It turned out tart the materials with high anisotropy as shown in Table 5 did not ojve satisfactory molded products. 
[Errtxrfiment 17] 

Figs. 32 and 33 shown an example of a packaging platform 80 using ceramic. The constitution of an optica! module 
10 was almost the same as in Figs. 12 and 19. When ceramic was used, the structure of the lead and the alignment struc- 
ture differed. 

In a packaging platform using resin, the lead portion was composed ol a lead frame With ceramic, a burning step 
was involved. Thus, a high rnelting point metal such as tungsten was patterned and embedded. This pattern was goW 
plated, and then brazed to the lead. 

is The alignment structure was worked out in consideration of a deviation from the mold due to deformation during 
sintering. Only an alignment reference surface 80-10a tor alignment in the height direction was the surface as sintered. 
The reason is as follows: The main cause of deformation during ceramic sintering is shrinkage during sintering. The 
beight-directon alignment reference surface of the packaging platform, if deformed, changes uniformly and can be 
used as a reference surface. Whereas a wall surface 80-IQc, as a reference surface for alignment in the transverse 

20 cfrectfon. is located at a site apart from an optical waveguide compc*^ 31 a 

after sintering. Thus, a vertical wafl surface 80-10d prepared by a precision doing saw whose precision feeding was 
controBabie was used as a reference surface tor optica] axis aRgnment in the transverse direction. 

Alignment using these positioning reference surfaces of the packaging platform 80 is described below. 
Alignment In the height direction was performed upon contact of these reference surfaces with a height reference 

25 surface 31 -lOaof the optical waveguide cc*tponent31 and the surface of a V-groove substrate 35' attached to the opti- 
cal fber 32. The V-groove was formed by precision processing using the anisotropic etching of SL Thus, the distance 
from the height reference surf^ 

of the optical ffrer core from the surface of the V-groove substrate 35 r made of Si. 

Alignment in the transverse direction was performed by pressing a cladding wall surface, which was a transverse 

« referer»ce surface of the waveguide comrx>n 

the V-groove substrate 35*) against the waH surface 80-1 0c formed by the above-mentioned oWng. A deviation of about 
several nniaons to 20 rmcrons in the po here would be the pitch 

of dicing. If this pitch is determined, precise aJgnment would become possible, because the distance from the trans- 
verse reference surface of the optical waveguide to the core of the optical waveguide, and the distance from the side 

as sun^ce of the oc^ fiber to trie cpttcaif^ core have been accurately determined The piteh c4 dicing can be control- 
led to about 1 micron 

As described above, tie packaging platform of the present invention is a packaging platform for achieving optical 
coupfing of an optical fiber to an optical waveguide of an optical component having the optical waveguide and an elec- 
trode pattern formed on the surface of the optical waveguide; the packaging platform including a planar, linear or punc- 

40 tate reference structure portion for performing the horizontal and vertical positioning of the optical rxrrponent, and a 
fber positioning portion tor inserting and holding the optica) ftoer and positioning the optical «w at a position where the 
optical fber is optically connected to the optical waveguide of the optical component, and also including an electrical 
wiring pattern provided at a electrode pattern cnfteoptk^ com- 

ponent Furthermore, a depressed portion may be provided at a position on the packaging platform opposed to an opti- 

45 cal device carried on the optical corrponent Because of this constitution, the packaging platform of the Invention has 
afl of an optical fiber connecting function, an electrically connecting fonction, and a sealing function whh an appropriate 
sealing material. Hence, the use of the packaging ptettorm of the invention can markedy cut down on toe number of the 
constituents of an optical module, thus enabling a low cost optical module to be produced. 
Accordhg to the invention, moreover, the packaging riatfbrm is cc*r*>in^ 

so its surface a posittoning reference surface cwesponding to a positioning reference surface of the packaging platform, 
and also has an optical waveguide, an electrode pattern and an optical device manufactured so that 
distances from the posftionmg reference surface wifl agree with those of the packaging platform Thus, simply by regis- 
ter ing the pcsftoning mechanisms of the packaging platform and the opt>cal cc*nponerrt, the aTignrnerrt on the three fac- 
tors, fiber connection, electrical connection, and sealing, can be completed simultaneously and very easily. 

55 As rifled frc™ this, the invert 
cost optical module to be realized. 

Furthermore, the invention uses a resin molded product as a packaging platform, and employs tor the usable resin 
a concrete resin composition as disclosed in the claims and Entxxfiments of the invention. Thus, high dimensional 
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accuracy of the order of sUbmicrons, heat resistance, and tang-term refiabifity can be achieved. In addition, the pack- 
age ptalform is c*npc*ed ^ 
meiuifaciuring cod 

The present invention has been described in detaJ with respect to preferred embodiments, andttwtf now be appar- 
5 ent from the foregoing to those staled in the art that changes and modifications may be made without departing from 
the invention in its broader aspect, and it is the invention, therefore, in the apparent claims to cover aS such changes 
and rrxxiifications as tall within the true sprit of the invention . 

A packaging platform (11, 21. 33. 61) for opticafiy coupling one or more optical waveguides of one or more optical 
components (15. 22, 31, 65) having the optical waveguide to one or more optical ffcers is provided with a reference 
10 structure portion (31-IOa. 3M0b, 33-1 Qa, 33- 10b, 33-6. 80-1 0a, 80- 10c 80-tOd) tor the horizontal and vertical posi- 
tion^ of fte optk^ corrponent (15, 22. 3 1 , 65) and one or 

ing the optical fber and posrtontng the optical fber at a position where the optical fber is optically connected to the 
optical waveguide; whereby the packaging platform (11, 21, 33. 61) and an optical module using the platform are pro- 
vided which can simpify all alignment steps for optical coupling, electrical connection and sealing in the coupling of the 
is optica! component and the optical fiber. 

Claims 

1. A packaging platform for achieving optical coupling between one or more optical waveguides of one or more optica] 
20 components having the optica] waveguide and one or more optical fiber; 

said packaging platform including a reference structure portion for performing the horizontal and vertical 
positioning of the optical component and one or more ftoer positioning portions for inserting and hottng the cptcaJ 
f fears and positioning the optica] fibers at a position where the optical f foers is optically connected to the optical 
waveguide. 

25 

2. A packaging platform as claimed in claim 1 , characterized in that in order to perform electrical connection to the 
optical component when the optical component has an electrode pattern, an electrical wiring pattern is provided at 
a position opposed to one or more electrode pads of the electrode pattern ot the optical component when the opti- 
cal component is positioned relative to the optical fber. 

30 

3. A packaging platform as claimed in daim 1 or 2, characterized in that the optical component has an optical device 
for optical ccroection to the optical waveguide of the optical component and a vacant portion is provided at a posi- 
tion opposed to the optical device when the optica] component is positioned so as to couple the optical ftoers. 

35 4. A packaging platform as claimed in daim 1 or 2, characterized in that there are a plurality of the optical compo- 
nents, and reference structure portions are provided tor performing the horizontal and vertical positioning of these 
optical components relative to one another. 

5. A packaging platform as daimed in any one of claims 1 to 4, characterized in that the f toer positioning portion « V- 
40 shaped in cross section. 

6. A packaging platform as daimed in any one of claims 1 to 4, characterized in that the fiber positioning portion is 
cylindrical In cross section. 

46 7. A packaging platform as daimed in any one of claims 1 to 4. characterized in thai an insertorVremovaJ structure for 
making the optical fber insertible and removable is formed in the fber positioning portion. 

8. A packaging platform as daimed in any one of claims 1 to 7, characterized in that the reference structure portion 
of the packagirg platform and a po which are 

so fitted to each other to position the optical component relative to the platform 

9. A packaging platform as claimed In claim 8. characterized in that the fitting shape portion of the r eference structure 
portion has a stepped shape, and the fitting shape portion of the optica] component is in such a shape as to be fit- 
ted to the stepped shape, 

55 

ia A packaging platform es daimed in any one of daims 1 to 9, dwacterized in that at least one groove for scaping 
excess adhesive is formed in a mounting portion of the platform which the optical component contacts. 
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11. A packaging platform as claimed in any one of claims 1 to 10, further Inckitfing a ewer for hotfng the optical fiber 
n an arrayed state when fixed to the rjiarttomi after the optical fb« ^ 
on the platform. 

5 12. A packaging platform as claimed in any one of claims 1 to 1 1, characterized in that a polymer optical waveguide 
circuit is pactaged. 

13. A packaging platform as claimed in any one of daims 1 to 12, wheh s composed of a synthetic resin composrtion. 

to 14 A packaging platform as claimed in daim 13. characterized in that the mold shrinkage coefficient of the synthetic 
" resincon^ 
to its minimum value is not more than 1 .5. 

15. A packaging platform as claimed in claim 14, characterized in that the synthetic resin composrtion consists essen- 
J5 tiaity of a thermosetting resin and contains an inorganic finer. 

16. A packaging platform as claimed in claim 15, characterized in thai the thermosetting resin is an epoxy resin. 

1 7. A packaging platform as claimed in claim 16, characterized in that the inorganic filler is a silica powder. 

20 18, A packaging platform as claimed in daim 13, characterized in that the synthetic resin competition consists essen- 
tially of an amorphous polymer and contains an inorganic filler. 

1 9. A packaging platform as claimed in claim 1 8, characterized in that the inorganic filer* an inorganic crystal line pow- 
25 der, or an inorganic glass powder, or a mixture of these. 

20. A packaging platform as claimed in daim 18 or 19. clwacterized in that the anrcxphous polymer is poryethersui- 
lone, polysultone, pofyetherimide, or a mixture of these. 

30 21. A packaging platform as daimed in any one of claims 1 to 12, which is formed of ceramic. 

22. A packaging platform for achieving optical coupling between an optical f ber and an optical waveguide of an optical 
component having the optica) waveguide anoVor an optical receiving device and/or an optical emitting device and 
an electrical circuit tor controlUng the optical device; 

35 said packaging platform induding a reference structure portion tor performing me horizontal and vertical 

positioning of the optical component, and a fiber positioning portion for inserting and holding the optical f ber and 
positioning the optical fiber at a position where the optical f toer is optically connected to the optical waveguide, 

23, a method far producing a packaging platform which is the packaging platform of claim 1 or 22, said method char- 
do acterized by comprising: 

') molding the packaging platform using a mold. 



24. A method for producing a packaging platform as claimed in daim 23, dwacterized in that mokfing with the moW is 



25. A method for producing a packaging platform as claimed in claim 23, characterized in that molding with the mold «s 
transfer molding. 

so 26. An optical module characterized by conpnsing one or more optical components and one or more optical fibers 
packaged on the packaging platform claimed in any one of daims 1 to 22. 

27. An optical module as dawned in daim 26. characterized in that an optical connector is mounted on the optical f toer. 
55 2a An optical module characterized by comprising: 



45 



Ejection molding. 



an optical component having an optical waveguide and an electrode pattern, and also having a height refer- 
ence surface provided at a position apart by a predetermined height from a core portion of the optical 
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waveguide along a section ot an optical waveguide component, and a horizontal reference structure portion 
provided at a position apart by a predetermined disiariw from the core portion; and 

a packaging platform having a height reference surface tor determining the attitudinal position of the optical 
corrponent on toe platform and a horizontal reference structure portion tor determining tie horizontal position 
of the optical component on tie platform and also tavirg ^ 

an optical fiber and positioning the optical fiber at a position where the optical tfcer is optically connected to the 
opticai waveguide of the optical component, and an electrical wiring pattern provided at a position opposed to 
one or more electrode pads of the electrode pattern on the optical component characterized in that 
the horizontal reference structure portions of the optical component and toe packaging platform are aligned 
with each other, and the height reference surfaces of the optical component and toe packaging platform are 
brought into contact with each other, whereby toe alignment and electrical connection of toe electrode pattern 
and the electrical wiring pattern are achieved, and the optical fiber inserted into the fiber positioning portion 
and toe opticai waveguide are coupled. 

29. An optical module as claimed in claim 28, characterized in that the optical corrponent has an optical device to be 
op*ca8y connected to the optical waveguide of the optical component, and the packaging platform is further pro- 
vided wrto a depressed portion at a petition opposed to toe cptic^ 

so as to couple the optical ftoer. 

30. An optical module as claimed in daum 28. characterized in that there are a plurality of toe optical exxnponents. and 
the packaging platform is further provided with reference structure portions for performing the horizontal and verti- 
cal positioning of the optical components relative to one another. 

31 . An opticai module as claimed in any one of daims 28 to 30. characterized in that toe horizontal reference structure 
portion of the optical component is a wall surface prepared by etching a cladding portion of toe optical waveguide 
of toe optical component 

32. An optical module as claimed in any one of claims 28 to 30. characterized in that the horizontal reference structure 
portion of the optical component is a rib-shaped protrusion formed in toe optical corrponent. 

33. An optical module as claimed In claim 32, characterized in that toe rib-shaped protrusion is the ri> shaped optical 
waveguide of the optical component 

34. An optical module as claimed in any one of claims 28 to 30. characterized in that toe height reference surface of 
the optical component is an exposed substrate surface lornied wJwn the dad^ portion of the opticai waveguide 
ot toe optical component has been removed to expose the substrate surface. 

35. An optical module as claimed in any one of claims 28 to 30, characterized in that the horizontal reference structure 
portion of toe optical component is a pair of engagement surfaces formed obliquely in the cladding portion of the 
optical waveguide of the optical corrponent in toe longitudinal oVection of the optical waveguide, while toe horizon- 
tal reference structure portion of the packaging platform is a pair of engagement surfaces to come into contact with 
the pair of engagement surfaces of the optical axTponent. 

36. An optical module as claimed in claim 35. characterized in that toe pair of engagement surfaces of toe optical com- 
ponent are placed at linearry symmetric positions with respect to an axis parallel to the optical axis of exit 6ght from 
the optical waveguide. 

37. An opticai module as claimed in any one of claims 28 to 30. characterized in that an insulating sealing resin is filled 
into a gap between the optical component and the packaging platform. 

38. An optical module as daimed in daim 37, characterized in that the penetration of the resin into a specific portion is 
inhibited by adjusting the size of the gap between the optical component and the packaging Diatform. 

39. An optical module as daimed in daim 29, characterized in that sealing of the optical device is achieved by ffiing an 
insulating and transparent resin into the depressed portion. 

40. An optical module as daimed in any one of claims 28 to 39, characterized in that the packaging platform is com- 
posed of a synthetic resin composition. 
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41 . An opticd module as claimed in claim 40, characterized in mat toe mold shrinkage coefficient of the synthetic resin 
canpositic^isr^nwe than 1%, arid the shrinkage coefficient is isotropic or the ratio of its maximum vakje to its 
minimum value is not more than 1.5 

5 42. An optical module as claimed in claim 41 , characterized in that the synthetic resin cornposition consists essentially 
of a thermosetting resin and contains an inorganic fitter. 

43. An optical module as claimed in claim 42, characterized In that the thermosetting resin is an epoxy resin. 

w 44. An optical module as claimed in claim 43, characterized in that the irxxganic filler rs a silica powder. 

45. An optical module as claimed in claim 40, characterized in that the synthetic resin corrposition consists essentially 
of an amorphous porymer and contains an inorganic ttter. 

, 5 45. An optica! module as claimed in daim 45, characterized in that the inorganic filler is an inorganic crystalline powder, 
or an inorganic glass powder, or a rrirture of these. 

47. An optical module as claimed in claim 45 or 46. characterized in that the arnorphous polymer is polyelhersuHone, 
polysuttone, poryefierimide. or a mixture of these. 

20 4& An optical module as claimed in any one of claims 28 to 39, charactenzed in that the packaging ptatform is formed 
of ceramic. 

49. An optical module as claimed in any one of claims 28 to 48, characterized in that the fiber positioning portion is V- 
25 shaped in cross section. 

50. An optical module as claimed in any one of claims 28 to 48. characterized in that the f ber positioning portion is 
cySndrical in cross section. 

30 51. An optical module as claimed in any one ol daims 28 to ^ 

making the optical fiber insertible and removable Is formed in the fiber positioning portion. 

52. A method for producing an optical module which is the optical module of claim 26 or 28. characterized by compris- 
ing: 

36 

packaging the optical component on the platform, connecting the optical fber to the optical component, and 
then sealing an upper part or the whole of the platform with a resin mold. 
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